The objective of this experiment was to assess the effects of malting, extrusion and a combination of both processes on the physical and functional properties of the pearl millet flour (PMF) and pearl millet based instant beverage powder (PMIBP) produced. PMF and PMIBP were prepared by malting, extrusion and a combination of malting and extrusion cooking from two different varieties of pearl millet (Agrigreen (AgG) and Babala (Ba)). Malted pearl millets were produced by germinating at 30°C and 98% RH for 36 h, kilned at 50°C for 48 h then cooled to room temperature, ground and stored in a chiller at 5°C until used. Extrusion was carried out using a corotating twin-screw extruder under different parameters to obtain the pearl millet instant beverage powder. The different processes significantly (p ≤ 0.05) affected the colour (L, a & b) of AgG and Ba. Malting and extrusion significantly (p ≤ 0.05) reduced the peak viscosity of the starches from the raw pearl millet of both varieties of pearl millet as measured by rapid visco analyser (RVA). This can be considered as advantageous with respect to producing an instant beverage powder with a high nutrient content.
Introduction
Extrusion cooking, particularly in the snack food industry, is a complex process that differs from conventional processing by using high shear rates and high temperatures (>150°C) for very short periods (seconds) [1] . Wide ranges of thermo-mechanical and thermo-chemical processes are involved during the extrusion cooking process, including shear, Maillard reactions, protein denaturation and hydrolysis. These processes result in the physical, chemical and nutritional modification of food constituents [2] . Extrusion cooking is a versatile, efficient method of converting raw materials intofinished food products [3] , with advantages that include energy efficiency, lack of process effluents and versatility with respect to ingredient selection and the shapes and textures of products that can be produced, Extruded product quality can vary considerably depending onthe extruder type, screw configuration, feed moisture and temperature in the barrelsession, screw speed and feed rate [4] . Extrusion cooking can maketraditional products to be more acceptable in the fast changing society [3] . The extrusion cooking process will be employed in this study to produce pearl millet instant beverage powder (PMIBP).
Malting is the germination of cereal grains in moist air under controlled conditions, followed by drying at 50°C for a predetermined length of time. The primary objective of the germination step is to promote the development of hydrolytic enzymes that are not present in the ungerminated grain, whilst the drying is to arrest the enzymatic activity as well as for flavour development.
The objective of this experiment was to assess the effects of malting, extrusion and a combination of both processes on some of the functional and physical properties of the pearl millet flours produced.
Cleaningand Milling of the Pearlmillet
The raw pearl millet (RPM) grains were placed in a tray and the chaff and damaged grains as well as stones/pebbles together with all other extraneous matter were removed by hand and discarded.Milling of grains and extrudates to produce flour, was carried out using a hammer mill (CSIR, Sprechert&Schuh, Germany), with a 2 mm mesh.
Malting Procedure for the Pearl Millet Varieties
Cleaned grains (10 kg) from each variety, were steeped in 3% NaOH(3 L)at room temperature (23 -26°C) for 3 h in 10 L container. After steeping, the grains were drainedthrough cheesecloth and washed thoroughly under running tap water, then allowed to drain off excess water. Three tier plastic vegetable racks (300mm × 400mm × 100 mm) (Plastics Warehouse, Cape Town) were lined with cheesecloth and the grains were then spread on them. The plastic vegetable racks were then put in to a proofing oven (CPUT, MacAdams, Cape Town) at 98% RH and 30°C for 36 h.
Every 12 h during the germination period, the millet was rinsed under running tap water, then drained properly and returned to the proofing oven. After 36 h, the grains were spread out evenly on a stainless steel tray, which was then placed in a forced air cabinet drier (CPUT, Geiger Klotzbucher, Cape Town) at 50°C for 48 h. After drying, the malted pearl millet (MPM) grains were vacuumpacked and stored in the cold room at 5°C until analysed.
Extrusion and Combination Processing of the Pearl Millet
For the extrusion, flours of the raw pearl millet (RPM), malted pearl millet (MPM) and a mixture (50:50) of RPM and MPM from the two varieties were placed into the hopper of a counter rotating extrusion cooker (CSIR, Werner & Thleiderer, Germany). The processing parameters of the extruder during the extrusion process differed for each of the different samples and were as shown in Table 1 . Screw speed (400rpm), feed rate (14.2 kg/h), heater 1 temperature (100°C) were kept constant for all extruded flour samples, whilst H 2 O dose rate (8.7 and 12.5 l/h) and heater 2 temperature (110 to 140°C) were adjusted to accommodate the level of starch present in each flour sample (the malted PMF have less starch). After extrusion, the extrudates were collected and dried in a forced air cabinet drier (CSIR, Geiger Klotzbucher, Pretoria) at 50°C for 24 hours and then milled. Products derived from the extrusion process included: extruded pearl millet (ExPM), extruded malted pearl millet (EMPM) and extruded RPM and MPM50:50 mix (ERPMMPM). Expansion ratio (ER) for the extruded samples (ExPM, EMPM and ERPMMPM) was determined, and all samples (RPM, ExPM, EMPM and ERPMMPM) were analysed for water absorption index (WAI), water solubility index (WSI), colour, colour difference and pasting properties. The water absorption index (WAI) of the RPM, ExPM, MPM, EMPM and ERPMMPM were determined by the method of [5] . A sample (2.5 g) was suspended in 30 ml distilled water at 30°C in a previously weighed 50 ml centrifuge tube. This mixture was stirred intermittently over a 30 min period and then centrifuged (Thermo Electron, France) at 3000 g for 10 min. After pouring the supernatant into a tarred evaporating dish, the gel was weighed and the WAI defined as the grams of gel per gram of solids was calculated as follows:
Flour WSI, defined, as the water-soluble fraction in the sample extract, was determined from the amount of dried solids recovered by evaporating the supernatant from the flour water absorption test [5] . The WSI was calculated as follows:
The expansion ratio for the extrudates was determined according to the method of [6] . This was determined by measuring the diameter (mm) of the extrudates using vernier callipers and then dividing these readings by the diameter of the extruder nozzle. Ten readings were determined for each sample and their mean recorded. The ER was calculated as:
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The colour of the RPM, ExPM, MPM, EMPM and ERPMMPM were analysed using a Konica Minolta Spectrophotometer (model CM 5, Konica Minolta Sensing Inc., Japan). An adequate amount of each sample was placed in the sample holder (diameter 30 mm) to cover the base and allow for reflectance measurement. Measurements for each individual sample were performed in triplicate by rotating the dish to three different positions (one reading = average of three readings per rotated position). The colour was recorded in terms of Hunter L, a and b. L (lightness of the product from 0 for black to 100 for perfect white), a (chromaticity coordinate +a = red and -a = green), b (chromaticity coordinate +b = yellow andb = blue) [7] .
The colour difference, a measure of the difference in colour between the different samples and control (RPM from both varieties) was calculated from the data collected using the following equation:
Where: L = lightness a = redness/greenness b = yellowness/ blueness
Pasting Properties of the Pearl Millet Flours (PMF) and Pearl Millet Instant Beverage Powder (PMIBP)
The pasting properties of the RPM, ExPM, MPM, EMPM and ERPMMPM were assessed according to the method of [8] , using a Rapid Visco Analyser (US, RVA4500, Perten Instruments Australia) with some modifications.Approximately 4 g of extrudates flour was added to 25 ml of distilled water. The heating and cooling cycles wereprogrammed in the following manner. Each sample washeld at 50°C for 1 min, heated to 95°C in 3.42 min, heldat 95°C for 2.5 min, cooled to 50°C in 3.80 min and maintained at this temperature for 2 min. The total time for analysis was 13 min, during whichtime the following parameters were measured and recorded by the Thermocline software: peak viscosity (PV), holding strength (HS), breakdown viscosity (BV), final viscosity (FV), setback viscosity (SV) and peak time (PT).
Data Analyses
All data were collected in triplicate. The data were subjected to a multivariate analysis to establish whether there were mean differences between treatments. The Duncan multiple range test was used to separate means where differences existed. Categorical Principal Component Analysis (CATPCA) with optimal scaling was used to explore the joint relationships among the observed proximate, physical and functional characteristics and the pearl millet. CATPCA analysis was divided into three parts: quantifications for the categories of the variable scores for the objects (with mean of zero and unit variance) and component loading for the transformed variables. All data analyses were carried out using IBM SPSS Statistics version 21, 2012.
Results and Discussion
Effect of Malting, Extrusion and a Combination Thereof on Water Absorption Index, Water Solubility Index, Expansion Ratio and Colour of the Pearl Millet Flour and Pearl Millet Instant Beverage Powder
The effect of extrusion, malting and a combination of both processes on the water absorption index (WAI), water solubility index (WSI) and expansion ratio (ER) of RPM, ExPM, MPM, EMPM and ERPMMPM from AgG is summarised in Table 2 . The WAI, WSI and ER were significantly (p ≤ 0.05) increased by extrusion and a combination of extrusion and malting. Malting, however, significantly (p ≤ 0.05) increased WSI (12.2%) but had no effect on WAI (319.6%). Table 2 The ER of all the extrusion treatments differed significantly (p ≤ 0.05) from each other. Summarised in Table 3 are the effects of extrusion, malting and a combination of both processes on the WAI, WSI and ER of RPM, ExPM, MPM, EMPM and ERPMMPM made from Ba. Similar to trends of the effects of malting, extrusion and a combination of both processes on AgG were observed for Ba, with WAI and WSI being significantly (p ≤ 0.05) increased by both extrusion and a combination of malting and extrusion. However, malting, as was the case with AgG had no effect on WAI and WSI of Ba. A significant difference was observed amongst all processing methods for ER. 2 For both AgG and Ba (Table 2 and Table 3 ), WAI was significantly (p ≤ 0.05) affected by extrusion, whilst WSI was significantly (p ≤ 0.05) affected by malting. Malting can also be seen to have a significant (p ≤ 0.05) effect on ER of the extrudates. The significant (p ≤ 0.05) increase in WAI and WSI is in agreement with results reported by [9] and [10] of increased WAI in extruded samples in their studies. The differences in the results of their work and those obtained in this work, could be attributed to several factors important in developing the characteristics of the extruded product, including the type of extruder, feed moisture, feed rate, barrel temperature, screw speed, screw profile and die size [11] . The changes in the functional and physical properties observed in this study are in agreement with the observation that during extrusion processing, food materials are generally subjected to a combination of high temperature, high pressure and high shear, resulting in a variety of reactions with corresponding changes in the functional properties of the extruded material [11] . The increase in water absorption in this work is one of the many changes in physical and functional properties that occur because of extrusion, and this is in agreement with [12] , who also observed a general increase in water absorption of sorghum extrudates.
High WAI for extruded pearl millet in this work are further corroborated by [13] , who concluded that gelatinized starch readily absorbs water to form paste that had higher final viscosity at room temperature than native starch. The reductions in ER during extrusion can be explained by the fact that protein acts as 'filler' in cereal extrudates and is dispersed in the continuous phase of the extrusion melt, modifying the flow behaviour and characteristics of the cooled extrudates [14] . Proteinaceous materials hydrate in the mixing stage of the process and become soft viscoelastic doughs during the formation of the extrusion melt. The shearing forces generated in the extruder cause breakage of the protein into small particles of roughly cylindrical and globular shapes. At protein levels of 5-15%, the extensibility of the starch polymer foam during its expansion at the die exitis reduced, reducing the degree of expansion. This conclusion is also in agreement with the report that extrudates show a reduction in expansion with increasing protein content [11] . At higher levels of protein, severely torn regions in the cell walls of the extrudate are noted, indicating a loss of elasticity in the extrusion melt [11] . The low ER observed in EMPM (which had a lower fat content than un-malted pearl millets for both varieties) is in agreement with [3] who reported low puff ratios in extruded high fat content cereal grain-legume mixture. This is also in agreement with the report that the expanded volume of cereal flour decreases with increasing amounts of protein and lipid but increases with starch content [15] . The lower expansion ratio in the mixtures of soybean and groundnut in their work may be attributed to lower protein content of blends of cowpea compared to those of soybean and groundnut except for 100% millet, which recorded the highest expansion ratio. The fat content in the malted grain in this experiment was found to be lower than that in the un-malted grain. Going by the observations made by [3] and [15] , the ER for the malted grain should be higher than the un-malted grain. But this was not the case in this study, because the malting process does not only breakdown and reduce fat content, but also the starch present in the grain is converted to dextrins simultaneously. Dextrins do not behave like starch under cooking conditions; they do not hold as much water as starch molecules, but dissolve easier in water and under less stringent conditions than starch molecules. Hence, the differing effects of malting and extrusion on WAI, WSI and ER (Table 2 and Table 3 ). High temperature extrusion enables starch to becomemore fully cooked and thus better able to expand. Table 4 and Table 5 summarises the effect of malting, extrusion and a combination of these two processes on the colour of RPM, ExPM, MPM, EMPM and ERPMMPM from both AgG and Ba. For the AgG samples (Table 4) , there was a significant (p ≤ 0.05) difference in the lightness (L) of the product from 72.89 ± 0.0 for EMPM to 86.22 ± 0.0 for MPM. The Ba samples (Table 5) exhibited similar trends to the AgGsamples Thelightness of the products ranged from 71.60 ± 0.06 for ERPMMPM to 86.58 ± 0.01 for RPM. All processing methods caused a decrease in lightness(L) values, with the extruded (ExPM, EMPM and ERPMMPM) products been the lowest. The redness (± a) of the products ranged from -0.51 ± 0.0 for RPM to 3.03 ± 0.0 for ERPMMPM, an indication of processing methods having a significant effect. The yellowness(± b) of the products ranged from 15.23± 0.0 to 22.53 ± 0.0 for AgG RPM and AgG EMPM, respectively and 16.41± 0.0 to 33.34 ± 0.0 for Ba MPM to Ba ExPM, respectively.
Effect of Malting, Extrusion and a Combination Thereof on the Colour of the Instant Beverage Powder
Malting caused a significant (p ≤ 0.05) decrease in yellowness whilst extrusion and a combination of both processes increased it significantly (p ≤ 0.05). According to [16] , colour is an important characteristic of extruded foods, which can give information about theextent of browning reactions such as caramelisation, Maillard reaction, degree of cooking and pigment degradation during the extrusion process. Hence the colour differences between extruded and non-extruded products, could be due to the shear forces generated during extrusion which accelerated the chemical reactions between amino acids and reducing sugars (Maillards reaction) that take place during extrusion and to the different cooking temperature, rolling speed, flow rate, water dosing rate and feeding speed conditions during extrusion [17, 18] .
The estimated colour difference for RPM, ExPM, MPM, EMPM and ERPMMPM from both AgG and Ba indicates the change in colour from the RPM flour. All the processes (malting, extrusion and a combination of both) had a significant (p ≤ 0.05) effect on colour (Table 4 and  Table 5 ). The effect of extrusion on the colour change in RPM, during processing to ExPM, MPM, EMPM and ERPMMPM from both varieties of pearl millet was significantly higher than the effect of malting. This difference could be attributed to the high temperatures used during extrusion in conjunction with the presence of sugars (malted samples) and amino acids leading to Maillard browning of the final products. The lack of high temperatures during malting would mean less browning during this process. 1 Values are mean ± standard deviation. Different superscripts in columns differ significantly (p ≤ 0.05) 2 RPM = Raw pearl millet; RE = Extruded pearl millet; MPM = Malted pearl millet; EMPM = Extruded malted pearl millet, ERPMMPM = Extruded raw pearl millet-malted pearl millet mix, OTE = Overall treatment effect. The colour difference is also a measure of the acceptability of the RPM, ExPM, MPM, EMPM and ERPMMPM by the consumer. If ΔE ≥ 1, it is generally regarded that the consumer will perceive a colour difference between the product and control [16] . The colour difference was greater than 1 for all samples, an indication of the perception of a colour difference by the consumer in all the pearl millet samples.
Effect of Malting, Extrusion and a Combination Thereof on the Pasting Properties of the Pearl Millet (AgriGreen and Babala) Flour
The pasting properties for AgG and Ba are summarised in Table 6 and Table 7 , respectively. For AgG (Table 6) , peak viscosity ranged from 42.33 ± 2.08 for malted pearl millet (MPM) to 719.33 ± 11.59 RVUfor raw pearl millet (RPM). The holding strength ranged from 22.00 ± 0.00 for MPM to 657.67 ± 11.59 RVU for (RPM). The breakdown viscosity ranged from 19.33 ± 1.15 for extruded pearl millet malt (EMPM) to 61.67 ± 2.89 RVU for (RPM). The final viscosity ranged from 36.33 ± 1.15 for (MPM) to 1826.00 ± 45.18 RVU for (RPM).The setback viscosity was between 14.33 ± 1.15 (MPM) and 1168 ±33.61 RVU (RPM) and the peak time ranged from 3.66 ± 0.46 minutes for the extruded pearl millet (ExPM) to 5.38 ± 0.04 minutes for the raw pearl millet (RPM). 1 Values are mean ± standard deviation. Different superscripts in columns differ significantly (p ≤ 0.05) 2 RPM = Raw pearl millet; RE = Extruded pearl millet; MPM = Malted pearl millet; EMPM = Extruded malted pearl millet, ERPMMPM = Extruded raw pearl millet-malted pearl millet mix, OTE = Overall treatment effect. In general, the raw PMF of both varieties exhibited the highest (significant (p ≤ 0.05) peak, trough, breakdown, final and setback viscosities; as well as peak time. The malted PMF and malted PMIBP however, exhibited the lowest values for the same parameters. These trends are similar to those observed by [19] in their study of complementary foods made from malted and un-malted millet with soybean and cowpea. They observed that blends, which were based on the whole millet grain, had a higher peak viscosity than blends based on the germinated millet flour, and the paste stability of the blend based on the germinated millet flour was higher than blends based on the whole grain. This reduction in viscosity of the MPM, EMPM and ERPMMPM can be attributed to starch degradation by amylases during the germination process.
The viscosity of a paste depends to a large extent on the degree of gelatinization of the starch granules and the rate of molecular breakdown. In addition to the effect of extrusion, the reduction in viscosity may be attributed to the high level of fat in the millet grains, which consequently decreased the shear effect because of lubrication in the metering zone.Increase in moisture on the other hand, will further lubricate the dough leading to less shearing effect [20] . Low moisture in the feed can possibly increase frictional damage, particularly when the residence time is high due to low screw speed. Viscosity generally depends on solubility and water holding capacity as well as the structure of components in a food system. Viscosity profile can be thought of as a reflection of the granular changes in the starch granule that occur during gelatinization [21] .
The decrease in peak and final viscosity of the ExPM, EMPM and ERPMMPM, could be as a result of the dextrinization of starches in the PMF during extrusion, as a result of the high temperature and pressures. This is in agreement with the report that extrusion can induce starch dextrinization resulting in reduction of viscosity in gruels and a concomitant increase in caloric and nutrient density [22, 23] , as well asdecreased apparent viscosity of extruded instant corn flour when temperature was increased [24] . Viscosity over a heating and cooling cycle have been used to characterise the changes in extruded products in numerous studies [25] . This characteristic is affected by both physical modifications of the granule structure as well as changes to the structures of the starch polymers.Furthermore, the characteristics of the paste viscosity curves were significantly altered by extrusion processing with extrudates showing low values [24, 25] . This is in agreement with observations made in this experiment, with RPM for both varieties showing significantly(p ≤ 0.05) higher viscosity values than the samples that were extruded, malted or processed by a combination of both methods. The reduction in viscosity of the extruded samples may be because of dextrinization of the starch molecules in pearl millet, which agrees with observations made by [22, 23] . Starchdextrinization during extrusion cooking, however, occurred mostly under processing conditions at very high temperature and low moisture, where shear effects were significant [26] which are similar to the extrusion conditions used during this experiment. This reduction in viscosity could be beneficial for infant feeding [27] or for any person(athletes or patients) requiring a liquid diet with a high nutritional value. The inherent relationship could be described by two components accounting for 84.2% variation. The variance accounted for by dimension, 1 is 68.3% and dimension 2 is 15.9%. Dimension 1 is positively correlated to Ba and AgG RPM high in PV, FV, HV, SV, BV and PT (Figure 1) . The correlation of dimension 1 with AgG and Ba RPM with high viscosity values is expected, as the starch in the RPM is in its native form and gelatinises to form a viscous paste. Processing the pearl millet by malting, extrusion or a combination of both processes on the other hand, resulted in degradation of the starch molecules to dextrins, which are shorter chain polysaccharides than starch. This led to the formation of a thin watery paste on gelatinisation, hence the lower viscosities and negative correlation to dimension 1. Dimension 2 is positively correlated to MPM of bothvarieties of pearl millet, high in lightness (L) and ER. Hence malting resulted in lighter products. From Figure 2 , it is clear that extruded products (ExPM, EMPM and ERPMMPM) were darker in colour compared to the RPM and MPM as they correlated to a high colour difference (Dimension 2).
Conclusions and Recommendations
Malting and extrusion reduced the viscosity of RPM as indicated by the low viscosities of ExPM, MPM, EMPM and ERPMMPM made from both varieties of pearl millet. This is advantageous with respect to an increase in nutrient density of the resulting beverages prepared from them. This would be suitable for use in the combatting of energy malnutrition observed mostly in young children of low income communities.
Processing of flour from RPM, ExPM, MPM, EMPM and ERPMMPM from both varieties of pearl millet by malting, extrusion and a combination of both processes under the parameters used, had both beneficial and/or no effects on the functional and physical properties. Final viscosity of RPM was higher than that of ExPM, MPM, EMPM and ERPMMPM, an indication of damage to the native starch by the processing methods used. Malting lightened the colour of the RPM with high WSI, ER and lower viscosity. Extrusion produced darker products (especially ExPM) with perceivable colour differences from the RPM.
Manipulating processing parameters such as barrel temperature or screw speed amongst others during extrusion processing; or steeping conditions or germination time during malting, would alter the effects of these processes on the properties determined. If the effects are variety dependent (not ascertained in this experiment), development of varieties specifically suited for beverage production will have to be investigated in order to reap maximum benefits from the processes and their advantages.
